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Palatal rugaeAbstract A number of methods have been introduced in scientiﬁc literature to study the lip print
and palatal rugae; still there is a need for more descriptive and self-explanatory methods. Awareness
regarding practical knowledge of cheiloscopy and palatoscopy is ambiguous among dental profes-
sionals. In the present work, an effort was made to introduce an educational training module for
dental professionals with a view to improving the data recording and interpretation methods. A
computer aided statistical method has also been suggested, i.e., systematic stage-wise ﬁltering to test
the uniqueness of lip and palatal rugae patterns. In this study, dental professionals were asked to
match random lip and palatal rugae patterns before and after training. Proportions of accurate
matching pre- and post-training were then compared. A systematic stage-wise ﬁltering method
was used to prove the uniqueness of lip prints and palatal rugae in large samples. It was observed
that the educational training module helped to improve the ability of dental professionals in iden-
tifying individuals based on lip prints and palatal rugae. Application of systematic stage-wise ﬁlter-
ing technique eased the process of checking the uniqueness of patterns.
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Lip prints and palatal rugae are unique and stable anatomic
landmarks, hence their use in forensic identiﬁcation is fairly
justiﬁed.1,2 Cheiloscopy is expected to be useful mostly in iden-
tifying the living, as it can be the only way to link somebody to
someone or to a speciﬁc location; however, palatoscopy canll rights
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antemortem data.2,3
Scientiﬁc literature on cheiloscopy and palatoscopy has
been documented since the 19th century. Many esteemed
researchers have introduced different methods of classiﬁcation
and analysis of lip prints and palatal rugae since then.2,4 The
ﬁrst course in forensic dentistry was conducted probably by
Prof. Sadanori Mita in Japan as early as 1903. Subsequently,
formal training in forensic odontology and its inclusion in den-
tal curricula was recognized in the 1960s and 1970s.5 However,
awareness regarding the practical applications of cheiloscopy
and palatoscopy is unexpectedly low among the dental profes-
sionals themselves. Hence, a need was felt to develop an
improved, descriptive, understandable and examiner-compati-
ble method of recording and analyzing lip and palatal rugae
data that can simultaneously aid in educating dental students.
The present study is a step in that direction.
Since uniqueness is an important attribute of lip and palatal
rugae patterns, the present paper attempts to introduce a novel
method to ascertain their uniqueness based on systematic ﬁl-
tering, which could prove to be beneﬁcial for population-based
studies in the future.
2. Aims and objectives
1. To introduce an educational training module for cheilos-
copy and palatoscopy.
2. To assess the efﬁcacy of a designed educational training
module.
3. To statistically prove the uniqueness of lip prints and pala-
tal rugae patterns.
3. Materials and methods
The educational training module for cheiloscopy and palatos-
copy is comprised of the following:
3.1. Lip print patterns
Lip print patterns obtained on bond paper using dark-colored
lipstick along with corresponding clinical photographs.6
3.2. Maxillary dental stone casts
Maxillary dental stone casts obtained after alginate impres-
sion. Palatal rugae were outlined using a sharp graphite pencil.
Corresponding clinical photographs were also obtained.3
Teeth and vestibular regions of casts were trimmed to ensure
that the teeth and vestibule did not inﬂuence the
identiﬁcation.7
3.3. Record sheet for cheiloscopy
Record sheet for cheiloscopy was prepared based on the
method described by Augustine et al.8 following Suzuki and
Tsuchihashi classiﬁcation (1970). The record sheet composed
of charting was designed in the form of the schematic outline
of the lip. It was divided into four quadrants, and each quad-
rant was further divided into medial and lateral halves, eachquadrant was used to register lip groove patterns in roman
numerals (as per the type of pattern), observed medially to lat-
erally in sequence.8 Pictorial description of various patterns
was added to serve as a reference for the examiner (Figure 1).
3.4. Record sheet for palatoscopy
Record sheet for palatoscopy was prepared based on the
method described by Venegas et al.,9 following Trobo classiﬁ-
cation (1932). The record sheet was designed in tabular form
and was divided into right and left halves with ﬁve zones: zone
I–II, II–III, III–IV, IV–V, and V–VI, by under-listing six trans-
verse planes, with a purpose to register the shape of palatal
arch and to register the shape, location and number of rugae.9
I. Transverse line passing through the palatal cervical third
of the central incisors.
II. Transverse line going from the mesial side of the right
lateral incisor to the mesial side of the left lateral incisor.
III. Transverse line through the mesial side of the right
canine and reaching to the mesial side of the left canine.
IV. Transverse line through the mesial side of the right ﬁrst
premolar and reaching to the mesial side of the left ﬁrst
premolar.
V. Transverse line through the mesial side of the right sec-
ond premolar and reaching to the mesial side of the left
second premolar.
VI. Transverse line through the distal side of the second pre-
molar and reaching to the right side of the distal left sec-
ond premolar (Figure 2).
The blank space in the table was chosen for each palatal rugae
pattern depending upon the type, shape and location and was
used to register its length (mm) and width (mm). The measure-
ments were made using digital Vernier calipers. The pictorial
description of shapes of the palatal arch and rugae was also
provided to serve as a reference.
The record sheet for recording lip and palatal rugae pat-
terns was also segmented in a similar manner.
The educational training module was used to educate and
train 10 dental professionals, including BDS – II year, III year,
IV year, interns, and postgraduate staff.
Numerical coding of 40 lip print patterns, 40 palatal rugae
patterns, and their corresponding clinical photographs were
made. Thereafter, random matching of lip and palatal rugae
patterns with their corresponding clinical photographs was
carried out by dental professionals before and after training.
Pre- and post-training results were then compared and statisti-
cally evaluated.
The examiners were also asked to individually classify 20 lip
print and palatal rugae patterns using a record sheet for chei-
loscopy and palatoscopy respectively twice (ﬁrst and second
assessment). Results of ﬁrst and second assessments were com-
pared and evaluated statistically to study the percentage of
intra-observer and inter-observer variation using the record
sheets.
To study the uniqueness of patterns, the systematic stage-
wise ﬁltration technique (computer-aided method) was used.
For lip prints, the matching of 100 patterns was done in four
stages to ﬁlter six patterns leading to a possible ﬁltration of
268,738,560,000 combinations with a possibility to ﬁlter 720
Figure 1 Record sheet for cheiloscopy. Record sheet for cheiloscopy is used to register lip groove pattern in roman numerals depicting
various shapes from medial to lateral in sequence.
Figure 2 Record sheet for palatoscopy. Record sheet for palatoscopy is used to identify palatal arch shape, palatal rugae pattern
depending upon type, shape and location and to register its size in length (mm) width (mm) using digital vernier callipers.
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Graph 1 Comparison of unmatched lip print patterns pre and
post-training.
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of an error of 3.72 · 1012.
Stage I:Matching of patterns in the ﬁrst quadrant was per-
formed, and a total of 720 combinations were possible in this
matching. Only those subjects with matching in the ﬁrst quad-
rant were subjected to matching in the second stage.
Stage II: The qualiﬁers to stage II were matched for pat-
terns in the second quadrant. Those having matched patterns
were subjected to stage III ﬁltration.
Stage III: The qualiﬁers to stage III were matched for pat-
terns in the third quadrant. Those having matched patterns
were subjected to stage IV ﬁltration.
Stage IV: The qualiﬁers to stage IV were matched for pat-
terns in the fourth quadrant. Those having matched patterns
were reported as identical ﬁndings.
In the above analysis, matching has been reported as the
sum proportion of the specimen having at least one matching
specimen. Thus, stage-wise ﬁltration is done for 100 palatal
rugae patterns in ten stages.
4. Results
Overall matching of lip print (Table 1 and Graph 1) and pal-
atal rugae patterns (Table 2 and Graph 2) pre- and post-train-
ing showed statistically signiﬁcant improvement in matching
lip prints (p< 0.001) and palatal rugae (p< 0.001) following
the use of an educational training module.
The ﬁrst and second assessment of 20 lip print and palatal
rugae analysis when compared revealed overall variation or
disagreement of 18% and 10%, respectively, which was not
signiﬁcant (Table 3, Table 4 and Graph 3). This indicated that
the intra-observer variation in lip print and palatal rugae anal-
ysis using a record sheet for cheiloscopy and palatoscopy was
not signiﬁcant. The inter-observer comparison made for lip
print and palatal rugae analysis too did not reveal a signiﬁcant
variation (p= 0.886 and 0.893, respectively) (Tables 3 and 4).
Systematic stage-wise ﬁltration method for lip prints
showed 83% matching in stage I (ﬁrst quadrant). These 83 pat-
terns were then subjected to stage II (second quadrant) ﬁltra-Table 1 Comparison of matched and unmatched lip print patterns
Examiner Pre-training Post-
Matched Unmatched Matc
BDS-II Year 54 26 64
Examiner 1 28 12 32
Examiner 2 26 14 32
BDS III Year 55 25 69
Examiner 3 31 9 37
Examiner 4 24 16 32
BDS-IV Year 60 20 71
Examiner 5 33 7 35
Examiner 6 27 13 36
BDS-intern 55 25 66
Examiner 7 31 9 37
Examiner 8 24 16 29
MDS staﬀ 68 12 76
Examiner 9 35 5 38
Examiner 10 33 7 38
Overall 292 108 346
Bold numerals indicate sum total in a particular group.tion. On stage II ﬁltration, the matching proportion was
20%. These 20 patterns were then subjected to stage III (third
quadrant) ﬁltration. However, no pattern had any matching
pair. None of the patterns could move beyond stage III ﬁltra-
tion process (Table 5 and Graph 4). Thus, in the present study
all the 100 lip print patterns were unique.
As there were 10 different zones of location of rugae pat-
terns, the systematic stage-wise ﬁltration was done in 10 stages.
In stage I 100% matching was observed, in stage II 97%
matching was observed, in stage III 80% matching was
observed, while in stage IV only 16% patterns had a matching
combination, but from stage V onwards, no subsequent
matching was observed (Table 6 and Graph 5). Thus, in the
present study all the 100 palatal rugae patterns were unique.
5. Discussion
The rationale behind the formulation of record sheets and the
introduction of an educational training module for cheiloscopy
and palatoscopy is to simplify and enable detailed and self-
explanatory recording and analysis of data, which additionally
can help as a teaching tool in dental institutions. In the past,pre- and post-training.
training Statistical evaluation
hed Unmatched v2 p
16 3.228 0.072
8 1.067 0.302
8 2.257 0.133
11 7.025 0.008
3 3.529 0.060
8 3.810 0.051
9 5.096 0.024
5 0.392 0.531
4 6.050 0.014
14 4.103 0.043
3 3.529 0.060
11 1.398 0.237
4 4.444 0.035
2 1.409 0.235
2 3.130 0.077
54 22.571 <0.001
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Graph 2 Comparison of unmatched palatal rugae patterns pre
and post-training.
Table 2 Comparison of matched and unmatched palatal rugae patterns pre- and post-training.
Examiner Pre-training Post-training Statistical evaluation
Matched Unmatched Matched Unmatched v2 p
BDS-II Year 65 15 73 7 3.373 0.066
Examiner 1 33 7 36 4 0.949 0.330
Examiner 2 32 8 37 3 2.635 0.105
BDS-III Year 68 12 71 9 0.493 0.482
Examiner 3 37 3 38 2 0.213 0.644
Examiner 4 31 9 33 7 0.313 0.576
BDS-IV Year 70 10 78 2 5.766 0.016
Examiner 5 34 6 38 2 2.222 0.136
Examiner 6 36 4 40 0 4.211 0.040
BDS-intern 65 15 77 3 9.014 0.003
Examiner 7 34 6 39 1 3.914 0.048
Examiner 8 31 9 38 2 5.165 0.023
MDS staﬀ 73 7 78 2 2.943 0.086
Examiner 9 36 4 38 2 0.721 0.396
Examiner 10 37 3 40 0 3.117 0.077
Overall 341 59 377 23 17.610 <0.001
Bold numerals indicate sum total in a particular group.
Table 3 Intra-observer and inter-observer variation in lip
print analysis.
Examiner No. of variation in
lip print analysis in
ﬁrst and second
assessment (out of 20)
v2 p Value
BDS-II Year 8 1.15 (df = 4) 0.886
Examiner 1 4
Examiner 2 4
BDS-III Year 6
Examiner 3 1
Examiner 4 5
BDS-IV Year 9
Examiner 5 4
Examiner 6 5
BDS-intern 7
Examiner 7 3
Examiner 8 4
MDS staﬀ 6
Examiner 9 4
Examiner 10 2
Overall variation 36/200 (18%)
68 S. Khanna et al.attempts have been made to prepare record sheets for cheilos-
copy and palatoscopy with the help of Suzuki and Tsuchihashi
classiﬁcation (1970) and Trobo’s classiﬁcation (1932). Both of
these classiﬁcations are easy to use and are complete in their
own describing nearly all commonly encountered patterns.1,2,4
It has been observed that each type of lip groove pattern
never occurs singly. These patterns are always present in com-
bination with other patterns. Additionally, patterns in medial
and lateral parts of the lip are different, thus each lip quadrant
can be further divided into medial and lateral parts for a
detailed description, as was done by Augustine et al.8 For pal-
atal rugae analysis, the method used by Venegas et al.9 was
used. This method describes the shape, size, location and num-
ber of palatal rugae clearly by dividing the hard palate area
into right and left halves as well as into ﬁve different transverse
zones.
In this version palatal arch shapes were considered with a
view to providing additional information.
In the present study, training of dental personnel using edu-
cational training modules showed overall improvement in their
skill to interpret lip and palatal rugae patterns, apart from
reducing intra- and inter-observer variability. Thus, it can be
inferred that this educational training module with record
sheets played an important role as a training and teaching tool
for the analysis of various lip and palatal patterns. After a
comprehensive review of scientiﬁc literature, this research did
not come across any such training module with record sheets.
For ascertaining the uniqueness of lip print and palatal
rugae patterns, ‘‘Systematic Stage-Wise Filtering Technique’’,
which is a statistical tool developed by APS-ARG (APS-Active
Research Group, Lucknow) was used in the present study, and
showed that all lip and palatal rugae patterns examined were
unique. In this technique, matching of patterns is performed
stage-wise (four stages for lip prints and ten stages for palatal
rugae) to ﬁlter out matched patterns (overlap of two or more
patterns) in a stage. The systematic ﬁltration method thus can-
not only help in establishing the uniqueness of patterns, but
can also help in matching the records and identifying the
two identical patterns. After a thorough review of lip print
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Graph 3 Intra-observer variation in lip print and palatal rugae
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Graph 4 Test of uniqueness of lip patterns by systematic stage-
wise ﬁltration.
Table 5 Test of uniqueness of lip patterns by systematic stage-
wise ﬁltration.
S. No. Stage % Matching
1. I 83
2. II 20
3. III 0
4. IV –
Table 4 Intra-observer and inter-observer variation in palatal
rugae analysis.
Examiner No. of variation in
palatal rugae analysis
in ﬁrst and second
assessment (out of 20)
v2 p Value
BDS-II Year 5 1.111 (df = 4) 0.893
Examiner 1 3
Examiner 2 2
BDS-III Year 3
Examiner 3 1
Examiner 4 2
BDS-IV Year 4
Examiner 5 2
Examiner 6 2
BDS-intern 5
Examiner 7 3
Examiner 8 2
MDS staﬀ 3
Examiner 9 2
Examiner 10 1
Overall variation 20/200 (10%)
Table 6 Test of uniqueness of palatal rugae patterns by
systematic stage-wise ﬁltration.
S. No. Stage % Matching
1. I 100
2. II 97
3. III 80
4. IV 16
5. V 0
6. VI –
7. VII –
8. VIII –
9. IX –
10. X –
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Graph 5 Test of uniqueness of palatal rugae patterns by
systematic stage-wise ﬁltration.
Developing an educational training module in forensic odontology: A proposal for dental curriculum 69and palatal rugae studies proclaiming the uniqueness of lip and
palatal rugae patterns, none were found to prove this impor-
tant fact in a systematic manner as was proven by the system-
atic stage-wise ﬁltration method.
6. Conclusion
Sustained education and demand over the past half century
has rendered forensic odontology a valuable component of
forensic investigations in many countries. Topics such as
post-mortem dental identiﬁcation, disaster victim identiﬁca-tion, age estimation, anthropology, bite mark analysis, and
dental DNA analysis are successfully being covered at the
undergraduate level in most of the universities; however, train-
ing regarding cheiloscopy and palatoscopy is still deﬁcient.
Therefore, it is suggested that the designed educational train-
ing module should be adopted as a routine teaching tool in
undergraduate dental curricula to ﬁll this lacuna. The system-
atic stage-wise ﬁltering technique to test the uniqueness of pat-
terns should also be applied as a routine practice in
population-based studies of lip prints and palatal rugae.
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